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Minutes of Board of Studies Mgetine

An online meeting of Board of Studies, Chemistry Department, UIET was held

on 26ft Jvne, 2021 at 02:00 p.m. through Google Meet to discuss syllabus for

upcoming B.Sc. (Honours) Chemistry, three year prograrnme. Following members

attended the meeting:

1. Prof M.L.N. Rao, Department of Chemistry, IIT, Kanpur (Extemal member).

2. Prof. Deepak Srivastav4 Department of Plastic Technolory, IIBTU, Kanpur (External member).

3. Dr. Amar Srivastava, Departrnent of Chemistry, DAV College, Kanpur (Internal member).

4. Dr. Nisha Sharma, Department of Pharmacy, CSJM University, Kanpur, (Internal member).

5. Dr. P. B. Patel, Department of Chemical Engineering, CSJMU, Kanpur (Internal member).

6. Dr. Rashmi Dubey, Department of Chemisty, UIET, CSJM University, Kanpur (Invited member).

7. Dt.Ratna Shukla" Department of Chemistry, UIET, CSJM University, Kanpur (Invited member).

8. Dr. B.P. Singh, Head, Department of Chemisfiy, UIET, CSJM Universit5r, Kanpur.

Syttabus was discussed in detaif with expert panel. Some corrections were

suggested which have been incorporated in syllabus. Board of Studies recommends

the enclosed syllabus to be implemented for B.Sc. (Honours) Chemistry.

(Prof M.L.N. Rao) (Dr.Amar Srivastava)
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(Dr.Nisha Sharma) (Dr.Rashmi Dubey)

(Prof. Deepaf, Srivastava)
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(Dr.P. B. Patrl)

(Dr.B.P. Singh)
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Proposed Syllabus

for

B.Sc. (Honours)
Chemistry

CHOICE BASED CREDIT SYSTEM
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Course

Theory* Practical

Course Structure (Chemistry-Major)
Details of courses under B.Sc. (Honours)

*Credits

Theory + Tutorial

I. Core Course
(14 Papers) l4x4:56

Core Course Practical / Tutorial*
(14 Papers) l4x2:28

If. Elective Course(8 Papers)

Discipline Specific Elective 4x4:16
(4 Papers)

Discipline Specific Elective
PracticaVTutorial* 4x2:8

(4 Papers)

Generic Elective/
Interdisciplinary 4x4:16

(4 Papers)
Generic Elective
Practical/ Tutorial* 4x2:8

(4 Papers)

o optional Dissertation or project work in place of one Discipline
Specific Elective paper (6 credits) in 6th Semester

III. Ability Enhancement Courses
l. Ability Enhancement Compulsory

(2 Papers of 3 credit each) 3x2:6
Environmental Science

English/Mll Communication

2. Ability Enhancement Elective (Skill Based)
(Minimum 2) 3x2: 6
(2 Papers of 3 credits each)

Total credit 144
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PROPOSED SCHEME FOR CHOICE BASED CREDIT SYSTEM
IN

B. Sc. Honours (Chemistrv)
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AECC-1 Engtish Communications/
Environmental Science

3

Core Course-I Inorganic Chemistry-I 4

Core Course-f Practical Inorganic Chemistry-I Lab 2

Core Course-If Physical Chemistry-I 4

Core Course-fl Practical Physical Chemistry-I Lab 2

IDC.l Interdisciplinary Course 6

SEC.l Skilt Enhancement Course -1 3
II AECC-2 English Communications/

Environmental Science

3

Core Course-Ilf Organic Chemistry-I 4

Core Course-III Practical/Tutorial Organic Chemistry-I Lab 2

Core Course-IV Physical Chemistry-Il 4

Core Course-IV Practical/Tutorial Physical Chemistry-Il Lab 2

IDC -2 Interdisciplinary Course 6

SEC-2 Skilt Enhancement Course -lf 3
ilI Core Course-V Inorganic Chemistry-Il 4

Core Course-V Practical/Tutorial Inorganic Chemistry-Il Lab 2
Core Course-Vl Organic Chemistry-Il 4
Core Course-Vf Practical/Tutqrial Organic Chemistry-Il Lab 2
Core Course-Vfl Physical Chemistry-Ill 4

Core Course-VII Practical/Tutorial Physical Chemistry-Ill Lab 2
IDC -3 Interdisciplinary Course 6
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ry
Core Course-VIII Inorganic Chemistry-Ill 4

C ourse-VIII P racticaUTuto rial Inorganic Chemistry-Ill Lab 2

Core Course-IX Organic Chemistry-Ill 4

Course-IX Practical/Tuto rial Organic Chemistry-Ill Lab 2

Core Course-X Physical Chemistry-Iv 4

C o urs e-X Practical/Tuto rial Physical Chemistry-Iv Lab 2

IDC.4 Interdisciplinary Course 6

v Core Course-Xf Organic Chemistry-Iv 4

Core Course-Xl Practical/Tutorial Organic Chemistry-Mab 2

Core Course-Xfl Physical Chemistry-V 4
Core Course-XII PracticaUTutorial Physical Chemistry-V Lab 2
DSB-1 Discipline Specific Blective -1 4
DSE-I Lab Discipline Specific Elective -1

Practical/TutoriaI
2

DSE.2 Discipline Specific El ective -2 4

DSE-2Lab Discipline Specific Elective- 2
PracticaVTutorial

2

VI Core Course-XIII Inorganic Chemistry-Iv 4
Core Course-Xfll PracticaUTutorial Inorganic Chemistry-Iv Lab 2
Core Course-XfV Organic Chemistry-V 4
Core Course-XfV PracticaVTutorial Organic Chemistry-V Lab 2
DSE-3 Discipline Specific Elective -3 4
DSE-3 Lab Discipline Specific Elective -3

PracticaVTutorial
2

DSE-4 Discipline Specific Elective-
4/dissertation (T)

4

DSE-4Lab Discipline Specific Elective -4
Practical/TutoriaU Dissertation (P)

2

Total
Credits

144

, oNAi' Core Papers (C): (Credifi 06 each) (1 period/week for tutorials or 4 periods/week for
nfiOo 

\ practical)

l. Inorganic chemistry I: Atomic Structure & chemical Bonding (4 + 4)
2. Physical chemistry I: states of Matter & Ionic Equilibrium 14 + +1
3. Organic Chemistry I: Basics and Hydrocarbons (4 + 4)
4. Physical Chemistry II: Chemical Thermodynamics and its Applications (4 + 4)
5. Inorganic Chemistry II: s- and p-Block Elements (4 + 4)
6. organic chemisfry II: oxygen containing Functional Groups (4 + 4)
7. Physical chemistry III: Phase Equilibria and chemical Kinetics (4 + 4)
8. Inorganic Chemistry III: Coordination Chemis$ g + 4)
9. Organic Chemistry III: Heterocyclic Chemistry (a + 4)
10. Physical Chemistry IV: Electrochemistry g + 4)
I l. Organic Chemistry IV: Biomolecules (4 + 4)
12. Physical chemistry v: Quantum chemistry & Spectroscopy (4 + 4)
13. Inorganic Chemistry IV: Organomptallic Chemistry 1+ + 4i
14. Organic Chemistry V: Spectroscopy (4 + 4)
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.1. Discipline Specific Elective Papers: (Credifi 06 each) (4 papers to be selected)- DSE 1-4

1. Applications of Computers in Chemistry (4) + Lab (4)
2. Analytical Methods in Chemistry (a) + Lab (a)
3. Novel Inorganic Solids (a) + Lab (a)
4. Polymer Chemistry (a) + Lab (a)
5. Research Methodology for Chemistry (5) + Tutorials (l)
6. Green Chemistry (a) + Lab (a)
7. Industrial Chemicals & Environment (4) + I,ab (4)
8. Inorganic Materials of Industrial Importance (a) + Lab (a)
9. Instrumental Methods of Analysis (a) + Lab (a)
10. Dissertation

* Other Discipline (Four papers of any one discipline) (Credifi 06 each)- IDC 1 to IDC 4

l. Mathematics (5) + Tut (1)
2. Physics (a) + Lab (a)
3. Economics (5) + Tut (l)
4. Computer Science (a) + Lab (a)
5. Any other discipline of importgnce

* Skill Enhancement Courses (02 papers) (Credit: 03 each)-
l. IT Skills for Chemists
2. Basic Analytical Chemisfiy
3. Intellectual Property Rights
4. Chemistry of Cosmetics & Perfumes

* Interdisciplinary course (rDc) (Minor-chemistry) (any four) for
other Departments / Disciplines: (Crgdit: 06 each)

l. Atomic Structure, Bonding, GErgral Organic Chemistry & Aliphatic Hydrocarbons
(a) + Lab (a)

2. Solutions, Phase Equilibrium, Conductance, Electrochemistry &
Functional Group Organic Chemistry-Il (4) + Lab @)

3. Chemistry of s- and p-block elernents, States of matter and Chemical
Kinetics (4) +Lab (4).

, ,\1nil 4. Chemistry of d-block elements, Quantum Chemisty and Spectroscopy (a) + Lab (a)
-\6"'
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CORE COURSES

Semester I

{. CHEMISTRY-C I: INORGANIC CHEMISTRY-I
(Credits: Theory-04, Practicals-02)

Theory: 60 Lecture

Atomic Structure:

Bohr's theory, its limitations and atomic spectrum of hydrogen atom. wave
mechanics: de Broglie equation, Heisenberg's Uncertainty Principle and its
significance, Schrddinger'swave equation, significance of y artd ,t7. euantum
numbers and their significance. Normalized and orthogonal wave functions. Sign
of wave functions. Radial and angular wavefunctions for hydrogen atom. Radial
and angular distribution curves. Shapes of s, p, d andf orbitals. Contour boundary
and probability diagrams. Pauli's Exclusion Principle, Hund's rule of maximum
multiplicity, Aufbauos principle and its limitations, Variation of orbital energy with
atomic number.

Periodicity of Elements :

(14 Lectures)

s,p, d,fblock elements, the long form of periodic table. Detailed discussion of the
following properties of the elements, with reference to s &p-block.
(a) Effective nuclear charge, shielding or screening effect, Slater rules, variation of

effective nuclear charge in periodic table.
Atomic radii (van der Waals)
Ionic and crystal radii.
Covalent radii (octahedral and tetrahedral)
Ionization enthalpy, Successive ionization enthalpies and factors affecting
ionizationenergy. Applications of ionization enthalpy.
Electron gain enthalpy, trends of elgcton gain enthalpy.
Electronegativity, Pauling's/ Mulliken's/ Allred Rachow's/ and Mulliken-
JaffE's electronegativity scales. V4riation of electronegativity with bond order,
partial charge, hybridization, group electronegativity. Sanderson's electron
density ratio.

(16 Lectures)
Chemical Bonding:

(b)
(c)
(d)
(e)

(0
(e)
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(i) lonic bond: General characteristics, types of ions, size effects, radius ratio rule
and its limitations. Packing of ionq in crystals. Bom-Land6 equation with
derivation and importance of Kapustinskii expression for lattice energy.
Madelung constant, Born-Haber cycle and its application, solvation energy.
covalent bond: Lewis structurg, valence Bond theory (Heitler-London
approach). Energetics of hybridizBtion, equivalent and non-equivalent hybrid
orbitals. Bent's rule, Resorumce and resonance energy, Molecular oiuitat
theory. Molecular orbital diagrar4s of diatomic and simple polyatomic
molecules Nz, Oz, Cz,Bz,F2, CO, NO, and their ions; HCL BeF2, CO2, (idea of

(ii)



s-p mixing and orbital interaction to be given). Formal charge, Valence shell
electron pair repulsion theory (VSEPR), shapes of simple molecules and ions
containinglone pairs and bond pairs of electrons, multiple bonding (o and a
bond approach) and bond lengths. Covalent character in ionic compounds,
polarizing power and polarizability. Fajan's rules and consequences of
polarization. Ionic character in covalent compounds: Bond moment and
dipole moment. Percentage ionic character from dipole moment and
electrone gativity difference.

(iii) Metallic Bond: Qualitative idea of valence bond and band theories.
Semiconductors and insulators, defects in solids.

(iv)Weak Chemical Forces: van der Waals forces, ion-dipole forces, dipole-dipole
interactionso induced dipole interactions, Instantaneous dipole-induced dipole
interactions. Repulsive forces, Hydrogen bonding (theories of hydrogen
bonding, valence bond treatnent) Effects of chemical force, melting and
boiling points, solubility energetics of dissolution process.

(26 Lectures)

Oxidation-Reduction:

Redox equations, Standard Electrode Potential and its application to inorganic
reactions.

(4 Lectures)

Reference Books:
o Les, J.D. Concise Inorganic Chemis@, ELBS, 1991.
o Douglas, B.E. and Mc Daniel, D.H., Concepts & Models of Inorganic

Chemistry,Oxford, 1970
o Atkins, P.W. & Paula, J. Physical Chemistry, Oxford Press, 2006.
. Da/, M.C. and Selbin, J. Theoretical Inorganic Chemistry, ACS Publications 1962.

* CHELISTRY LAB- C I LAB: 60 Lectures

(A) Titrimetric Analysis
(i) Calibration and use of apparatus.
(ii) Preparation of solutions of different Molarity A.{ormality of tinants.

@) Acid-Base Titrations

\ ^ r O Estimation of carbonate and hydroxide present together in mixture.

;1 *4V "' (ii) Estimation of carbonate and bicprbonate present together in a mixture.

i$Y (iii) Estimation of free alkali preseqt in different soaps /detergents

S! (C) Oxidation-Reduction Titrimetry
(i) Estimation of Fe(II) and oxalic acid using standardized KMnO+ solution.

fr)^- (ii) Estimation of oxalic acid and sodium oxalate in a given mixture.\'wV- fti) Estimation of Fe(II) with KzCrzOT using internal (diphenylamine,

*>V/ anthranilic acid) and external indicator.,/
.?
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.:. CHEMISTRY.C II: PIIYSICAL CHEMISTRY- I
(Credits: Theory-04, Practicals-02)

Theory: 60 Lectures
Gaseous state:

Kinetic molecular model of a gas: postulates and derivation of the kinetic gas
equation; collision frequency; collision diameter; mean free path and viscosrty of
gases, including their temperature and pressure dependence, relation between mean
free path and coefficient of viscosity, calculation of o from q; variation of viscosity
with temperature and pressure. Maxwell distribution and its use in evaluating
molecular velocities (average, root meansquare and most probable) and average
kinetic energy, law of equipartition of energy, degreesof freedom and molecular
basis of heat capacities. Behaviour of real gases: Deviations from ideal gas
behaviour, compressibility factor, Z, and its variation with pressure for different
gases. Causes of deviation from ideal behaviour. Van der Waals equation of state,
its derivation and application in explaining real gas behaviour,; virial equation of
state; van der Waals equation expressed in virial form and calculation of Boyle
temperature. Isotherms of real gases and their comparison with van der Waals
isotherms, continuity of states, critical state, relation between critical constants and
van der Waals constants, law of corresponding states.

Liquid state:
(18 Lectures)

Qualitative treafinent of the structure of the liquid state; Radial distribution
function; physical properties of liquids; vapour pressure, surface tension and
coefficient of viscosity, ond their determination. Effect of addition of various
solutes on surface tension and viscosity. Explanation of cleansing action of
detergents. Temperature variation of viscosity of liquids'and comparison with that
of gases. Qualitative discussion of strugtupe of water.

(6 Lectures)
Solid state:

Nature of the solid state, law of conqtancy of interfacial angles, law of rational
indices, Miller indices, elementary idpas of symmetry, symmetry elements and
symmetry operations, qualitative idea of point and space groups, seven crystal

. systems and fourteen Bravais latticesl X-ray diffraction, Bragg's law, a simple

. ,Vil acggunt of rotating crystal method and powder pattern method. Analysis of powder
- o\6" 

* diffraction pattems of NaCl, CsCl and KCl. Defects in crystals. Glasses *C tiquiO
P' crystals.
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Strong, moderate and weak electrolyfeso degree of ionization, factors affecting
degree of ionization, ionization constapt and ionic product of water. Ionization of
weak acids and bases, pH scale, coqrmon ion effect; dissociation constants of
mono-, di-and triprotic acids (exact treatment). Salt hydrolysis-calculation of
hydrolysis constant, degree of hydrolysis and pH for different salts. Buffer
solulions; derivation of Henderson equation and its applications; buffer capacity,
buffer range, buffer action and applications of buffers in analytical chemistry and
biochemical processes in the human body,

(16 Lectures)

10



Solubility and solubility product of sparingly soluble salts - applications of
solubility productprinciple. Qualitative teatment of acid - base tiftation curves
(calculation of pH at various stages). Theory of acid- base indicators; selection of
indicators and their limitations. Multistage equilibria in polyelectrolyte systems;
hydrolysis and hydrolysis constants.

Reference Books: @o Lectures)

o Atkins, P. W. &Paula, J. de Atkin's Physical Chemistry Ed., Oxford University Press

(2006).
o Ball, D. W. Physical Chemistry Thomson press, India (2007).
o Castellffi, G. W. physical Chemistry4ft Ed. Narosa e0O4).o Mortimer, R. G. Physical Chemistry 3'd Ed. Elsevier: NOIDA, UP (2009).

* CHEMISTRY LAB-C II LAB
60 Lectures

A. Surface tension measurements.
(i) Determine the surface tension by (i) drop number (ii) drop weight method.
(ii) study the variation of surface tension of detergent

solutions withconcenhation.

B. Viscosity measurement using Ostwaldts viscometer.
(i) Determination of viscosity of aqueous solutions of (i) polymer (ii)Glycerol

C. pH metry
(i) Study the effect on pH of addition of HCI A.laOH to solutions of

acetic acid,sodium acetate qnd their mixtures.
(ii) Preparation of buffer solutions of different pH

a. Sodiumacetate-aceticacid
b. Ammonium chloride-ammonium hydroxide

(iii) pH metric titration of (i) strong acid vs. shong base, (ii) weak acid vs. shong
base.

Reference Books
o Khosla, B. D.; G*g, v. c. & Gulati, A. senior practical physical

Chemistry, R.Chand & Co.: NewDelhi (2011).
o Garland, C..W.; Nibler, J. W. & Sfroemaker, D. p. Experiments in physical

ChemistrySo Ed.;McGnw-Hill: New york (2003).
o Halpern, A.M.& McBane, G. c. pxperimental physical chemistry 3'd

Ed.; W.H.Freeman & Co.: New york (2003).
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Semester II

.:. CHEMISTRY- C ilI: ORGANIC CHEMISTRY - I

(Credits: Theory-04, Practicals-O2)

Theory: 60 Lectures
Basics of Organic Chemistry

Organic Compounds.' Classification, and Nomenclature, Hybridization, Shapes of
molecules, Influence of hybridization on bond properties.
Electronic displacemenfs; Inductive, electromeric, resonance and mesomeric
effects, hyperconjugation and their applications; Dipole moment; organic acids
and bases; their relative strength. Homolytic and Heterolytic fission with suitable
examples. curly axrow rules, formal charges; Electrophiles and Nucleophiles;
Nucleophlicrty and basicity; Types, shape and their relative stability of
Carbocations, Carbanions, Free radicals and Carbenes. Introduction to types of
organic reactions and their mechanism: Addition, Elimination and Substitution
reactions.

stereochemistry: 
(6 Lectures)

Fischer Projection, Newmann and Sawhorse Projection formulae and their
interconversions; Geometrical isomerism: cis-trans and, syn-anti isomerism E/Z
notations with C.I.P rules. Optical Isomerism: Optical Activity, Specific Rotation,
Chirality/Asymmetry, Enantiomers, Ivfolecules with two or more chiral-centres,
Distereoisomers, meso structures, Raqemic mixture and resolution. Relative and
absolute configuration: D/L and R/S degignations.

(18 Lectures)
Chemistry of Aliphatic Hydrocarbons

A. Carbon-Carbon sigma bonds

Chemisfiry of alkanes: Formation of alkanes, Wurtz Reaction, Wurtz-Fittig
Reactions, Free radical substitutions: Halogenation -relative reactivity and
selectivitv.

n. C"rUoo-Carbon pi bonds:

Formation of alkenes and alkynes by elirpination reactions, Mechanism of El,Ez,
Elcb reactions. Saytzeff and Hofrnapn eliminations. N Reactions of alkenes:
Electrophilic additions their mecharrfsrps (Markownikof? Anti Markownikoff
addition), mechanism of oxymercuration.demercuration, hydroboration- oxidatiorl
ozonolysis, reduction (catalytic and phemical), syn and anti-hydroxylation
(oxidation). 1,2-and l,4-addition reactions in conjugated dienes and, Diels-Alder

.\ --' reaction; Allylic and benzylic bromination and mechanism, o.g. propene, l-
^A6rV^ butene, toluene, ethylbenzene. Reactions of allcynes: Acidity, Etecroptritic and
",)-" " Nucleophilic additions. Hydration to form carbonyl compounds, Alkylation of

terminal alkynes.

crL, (w 4,
.^ \.M,
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C. Cycloalkanes and Conformational Analysis

Types of cycloalkanes and their
Conformation analysis of alkanes:
cyclohexane: Chair, Boat and Twist
diagrams.

Aromatic Hydrocarbons

relative stability, Baeyer strain theory,
Relative stability: Energy diagrams of

boat forms; Relative stability with energy

Q4 Lectures)

Aromaticity.' Hiickel's rule, aromatic character of arenes, cyclic
carbocations/carbanions and heterocyclic compounds with suitable examples.
Elechophilic aromatic substitution: halogenation, nitration, sulphonation and
Friedel-Craft's alkylation/acylation with their mechanism. Directing effects of the
groups.

Reference Books: 
(12 Lectures)

o Morrison, R. N. & Boyd, R. N. organic chemistry, Dorling Kindersley
(India) P\rt.Ltd. (Pearson Education).

o Finar, I. L. organic chemistry (Volume l), Dorling Kindersley (India)
P\rt. Ltd.(Pearson Education).

o Finar, I. L. organic chemistry (volume 2: Stereochemistry and the
chemistry ofNatural Products), Dorling Kindersley (India) p\t. Ltd.
(Pearson Education).

o Eliel, E. L. & Wilen, S. H. Stereochemisby of Organic Compounds;
Wiley: London,l994.

o Kalsi, P. s. Stereochemistry conformation and Mechanism; New Age
International,2005.

* CHEMISTRY LAB. C III LAB

60 Lectures
l. Checking the calibration of the therr4orpeter
2. Purification of organic compounds by crystallizationusing the following solvents:

a. Water
b. Alcohol
c. Alcohol-Water

3. Determination of the melting points of above compounds and unknown
organic compounds (Kjeldahl methpd and electrically heated melting point
apparatus)

4. Effect of impurities on the melting point - mixed melting point of two
unknown organic compounds

5. Determination of boiling point of liquid compounds. (boiling point lower than
and more than 100 oC by distillatio4 apd capillary method)

6. Chromatography
a. Separation of a mixture pf two amino acids by ascending and

horizontal paper chromafography
b. Separation of a mixlure pf fwo sugars by ascending paper chromatography
c. Separation of a mixturg of o-and p-nitrophenol or o-and p-

aminophenol by thin layer chromatography (TLC)

\n-QA
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Reference Books
o Mann, F.G. & Saunders, B.C. Practical Organic Chemistry, Pearson

Education(2009)
o Fumiss, B.S.; Hannaford, A.J.; Smith, P.W.G.; Tatchell, A.R.

Practical OrganicChemisW, 5'h Ed., Pearson (2012)

{. CHEMISTRY -C IV: PIIYSICAL CHEMISTRY- II
(Credits: Theory-04, Practicals-O2)

Theory: 60 Lectures

Chemical Thermodynamics:

Intensive and extensive variables; state and path functions; isolated, closed and
open systems; rroth law of thermodynamics. First law: Concept of heat, q,work,
w, internal energy, U, and statement of first law;enthalpy, H, rclation between heat
capacities, calculations of q, w, U and H for reversible, irreversible and free
expansion of gases (ideal and van der Waals) under isothermal and adiabatic
conditions.

Thermochemistry: Heats of reactions: standard states; enthalpy of formation of
molecules and ions and enthalpy of combustion and its applications; calculation of
bond energy, bond dissociation energy and resonance energy from thermochemical
data, effect of temperature (KirchhofPs equations) and pressure on enthalpy of
reactions. Adiabatic flame temperature, explosion temperature.

Second Law: Concept of entropy; thermodynamic scale of temperature, statement
of the second law of thermodynamics; molecular and statistical interpretation of
entropy. Calculation of entropy change for reversible and irreversible processes.

Third Law: Statement of third law, concept of residual entropy, calculation of
absolute entropy of molecules.

Free Energt Functions: Gibbs and Helmholtz energy; variation of s, G, A with r,
V, P; Free energy change and spontaneity. Relation between Joule-Thomson
coefficient and other thermodynamic parameters; inversion temperature; Gibbs-
Helmholtz equation; Maxwell relations; thermodynamic equation of state.

(36 Lectures)
Systems of Variable Composition:

Partial molar quantities, dependence of thermodynamic parameters on
composition; Gibbs- Duhem equation, chemical potential of ideal mixtures, change
in thermodynamic functions inmixing of ideal gases.

(8 Lectures)
Chemical Equilibrium:
Criteria of thermodynamic equilibriurn, degree of advancement of reaction,
chemical equilibria in ideal gases, congept of fugacity. Thermodynamic derivation
of relation between Gibbs free energy of reaction and reaction quotient. Coupling
of exoergic and endoergic reactions. Equilibrium constants andtheir quantitative
depende^nc2n temperature, presture qrd concentration. Free energy of mixing and

L4
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spontaneity; thermodynamic derivation of relations between the various

equilibrium constants Ko, K, and &. Le-Chatelier's principle (quantitative

treatnent); equilibrium between ideal gases and a pure condensed phase.

(8 Lectures)
Solutions and Colligative Properties:

Dilute solutions; lowering of vapour pressure, Raoult's and Henry's Laws and

theirapplications. Excess thermodynamic functions. Thermodynamic derivation
using chemical potential to derive relations between the four colligative
properties [(i) relative lowering of vapour pressure, (ii) elevation of boiling point,
(iii) Depression of freezing point, (iv) osmotic pressure] and amount of solute.
Applications in calculating molar masses of normal, dissociated and associated
solutes in solution

(8 Lectures)

Reference Books
o Peter, A. & Paula" J. de. Physical Chemistry /h Ed., OxfordUniversity Press (2011).
o Castellil, G. W. Physical Chemistry 4'h Ed.,Narosa (2004).
. Engel, T. & Reid, P. Physical Chemistry 3'd Ed., Prentice-Hall (2012).
o McQuarrie, D. A. & Simon, J. D. Molecular Thermodynamics Viva Books

Pfi. Ltd.:New Delhi (2004).
o Assael, M. J.; Goodwin, A. R, H.; Stamatoudiso M.; Wakeham, W. A. & Will, S.

Commonly Asked Questions in fhermodynamics. CRC Press: NY (2011).
o Levine, I .N. Physical Chemistry 6tr Ed., Tata Mc Graw Hill (2010).
o llu/letz, C.R. 2000 solved problems in chemistry, Schaum Series Q006)

{. CHEMISTRY LAB. C IV LAB
60 Lectures

A. Thermochemistry
i) Determination of heat capacrty of a calorimeter for different volumes using

change of enthalpy data of a knoyn system (method of back calculation of
heat capacity of calorimeter from known enthalpy of solution or enthalpy of
neuhalization).

iD Determination of heat capacrty of the calorimeter and enthalpy of
neutralization of hydrochloric acid with sodium hydroxide.

iii) Calculation of the enthalpy of ionization of ethanoic acid.
iv) Determination of heat capacrty of the calorimeter and integral enthalpy

(endothermic and exothermic) solution of salts.
v) Determination of basicity / proticity of a polyprotic acid by the thermochemical

method in terms of the changes of temperatures observed in the graph of
temperature versus time for differcnf additions of a base. Also calculate the
enthalpy of neutralization of the firyt gtep.

vi) Determination of enthalpy of hydraliop of copper sulphate.
vii) Study of the solubility of benzoic api4 in water and determination of A.F/.

Reference Books
o Khosl4 B. D.; G*g, V. C. & Qulati, A., Senior Practical Physical

Chemistry, R.Chand & Co.: NewDelhi (2011).
o Athawale, V. D. & Mathur, P. Fscperimental Physical Chemislry New

Agelrlarnational : New Delhi 
9001).

Vq6ryo!, R/ 15



Semester III

CHBMISTRY-C V: INORGANIC CHEMISTRY.U

(Credits: Theory-O4, Practicals-02)
Theory: 60 Lectures

General Principles of Metallurry

Chief modes of occurrence of metals based on standard electrode potentials.
Ellingham diagrams for reduction of metal oxides using carbon and carbon
monoxide as reducing agent. Electrolytic Reduction, Hydrometallurry.
Methods of purification of metals: Electrolytic Kroll process, Parting process,
van Arkel-de Boer process and Mond's process, Zone refining.

Acids and Bases (6 Lectures)

Br0nsted-Lowq/ concept of acid-base reactions, solvated proton, relative strength
of acids, types of acid-base reactions, levelling solvents, Lewis acid-base concept,
Classification of Lewis acids, Hard and Soft Acids and Bases (HSAB) Application
of HSAB principle.

(8 Lectures)
Chemistry of s andp Block Elementsl

Inert pair effect, Relative stability of different oxidation states, diagonal
relationship and anomalous behaviour of first member of each group. Altotropy
and catenation. Complex formation tendency of s and p block elements. Hydrides
and their classification ionic, covalent and interstitial. Basic beryllium acetate and
nitrate.tudy of the following compounds with emphasis on structure, bonding,
preparation, properties and uses.Boric acid and borates, boron nitrides,
borohydrides (diborane) carboranes and graphitic compounds, silanes, Oxides and
oxoacids of nitrogen, Phosphorus arrd chlorine. Peroxo acids of sulphur,
interhalogen compounds, polyhalide iqns, pseudohalogens and basic properties of
halogens.

(30 Lectures)
Noble Gases:

Occurrence and uses, rationalization of inertness of noble gases, Clathrates;
preparation and properties of XeFz, XeFa and XeFo; Nature of bonding in noble gas
compounds (Valence bond treatment and MO treahnent for XeF2). Molecular
shapes of noble gas compounds (VSEPR theory).

(8 Lectures)
Inorganic Polymers:

. n\ Types of inorganic polymers, comparison with organic polymers, synthesis,

r<'V-' structural aspectsand applications of rilicones and siloxanes. Borazines, silicates

fv and phosphazenes, and polysulphates.

(8 Lectures)
OrL
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Reference Books:
o Lee, J.D. Concise Inorganic Chemistry, ELBS, 1991.

o Douglas, B.E; Mc Daniel, D.H. & Alexander, J-J. Concepts &
Moiets oJlnorganic Chenistry 3'd Ed.,John Wiley Sons, N.Y. 1994.

o Greenwood, N.N. & Earnshaw. Chemistry of the Elements,

Butterworth-Heinemann . 1997 .

o Cotton, F.A. & Wilkinson,G. Advanced Inorganic Chemistry, Wiley, VCH, 1999.

o Miessler, G. L. & Donald, A. Tarr. Inorganic Chemistry 4th Ed., Pearson, 2010.
o Shriver & Atkins, Inorganic Chemistry 5'h Ed.

{. CHEMISTRY LAB-C V LAB
60 Lectures

(A) Iodo / Iodimetric Titrations
(i) Estimation of Cu(II) and KzCrzOT using sodium thiosulphate solution

(Iodimetrically).
(ii) Estimation of (i) arsenite and (ii) antimony in tartar-emetic iodimetrically
(iii)Estimation of available chlorine in bleaching powder iodometrically.

@) Inorganic preparations
(i) Cuprous Chloride, CuzClz
(ii) Preparation of Manganese(Ill) phosphate, MnPOr.HzO

Reference Books:
. Vogel, A.I. A Textbook of Quantitative Inorganic Analysis, ELBS. 1978

{. CHEMISTRY-C VI: ORGAI\IC CHEMISTRY-II
(Credits: Theory-04' Practicals-O2)

Theory: 60 Lectures

Chemistry of Halogenated Hydrocarbons:

Allcyl halides; Methods of preparation, nucleophilic substitution reactions - SNl,

SN2 and SNi mechanisms with stereoqhemical aspects and effect of solvent etc.;

nucleophilic substitution vs. eliminqtionAryl halides: Preparation, including
preparation from diazonium salts. nugleophilic aromatic substitution; SNAr,
Benzyne mechanism. Relative reactiyity of alkyl, allyhenzyl, vinyl and aryl
halides towards nucleophilic substitution reactions. Organometallic compounds of
Mg and Li - Use in synthesis of organig cpmpounds.

(16 Lectures)
Alcohols, Phenols, Ethers and Epoxi{er:

Alcohols: preparation, properties and rglative reactivity of l', 2o, 3o alcohols,
Bouvaelt-Blanc Reduction; Preparatiop And properties of glycols: Oxidation by
periodic acid and lead tetraacetate, Pinqcol-Pinacolone rearrangement;

Phenols: Preparation and propertiesi,Acidity and factors effecting it, Ring

L7Vqt"Y o,\*- V



.,\ substitution reactions, Reimer-Tiemarur and Kolbe's-Schmidt Reactions, Fries and

Claisen rearrangements with mechanism;

Ethers and Epoxides; Preparation and reactions with acids. Reactions of epoxides
with alcohols, ammonia derivatives and LiA[I4

(16 Lectures)

Carbonyl Compounds:
Structure, reactivity and preparation; Nucleophilic additions, Nucleophilic addition-elimination
reactions with ammonia derivatives with mechanism; Mechanisms of Aldol and Benzoin
condensation, Knoevenagel condensation, Claisan-Schmidt, Perkin, Cannrzzaro and Wittig
reaction, Beckmann and Benzil-Benzilic acid rearrangements, haloform reaction and Baeyer
Villiger oxidation, cl- substitution reactions, oxidations and reductions (Clemmensen, Wolff-
Kishner, LiAII{4, NaBH4, MPV, PDC and PGC); Addition reactions of unsaturated carbonyl
compounds: Michael addition. Active methylene compounds: Keto-enol tautomerism.
Preparation and synthetic applications of diethyl malonate and ethyl acetoacetate.

(14 Lectures)
Carboxylic Acids and their Derivatives:

Preparation, physical properties and reactions of monocarboxylic acids: Typical
reactions of dicarboxylic acids, hydroxy acids and unsaturated acids:
succinic/phthalic, lactic, malic,tartaric, cifiic, maleic and fumaric acids;Preparation
and reactions of acid chlorides, anlly{rides, esters and amides; Comparative
study of nucleophilic substitution at acyl group -Mechanism of acidic and alkaline
hydrolysis of esters, Claisen condensation, Dieckmann and Reformatsky reactions,
Hofrnann- bromamide degradation and Curtius reanangement.

surphur containing compounds: 
(10 Lectures)

Preparation and reactions of thiols, thioethers and sulphonic acids.

(4 Lectures)

Reference Books:
o Morrison, R. T. & Boyd, R. N. Organic Chemistry, Dorling Kindersley

(India) P\4.Ltd. (Pearson Edugation).
o Finar, l.L. Organic Chemistry (Volume /), Dorling Kindersley

(India) P\4. Ltd.(Pearson Eduoation).
o Graham Solomons, T.W. Orgqnlp Chernistry, John Wiley & Sons, Inc.

{' .HEMISTRY LAB- c vr LAB 
60 Lectures

A. Functional group tests for alcqhols, phenols, carbonyl and carboxylic acid goup.

B. Organic preparations:
i) Acetylation of one of the followigrg compounds: amines (aniline, o-, ffi-, p-

toluidines arrd o-, m-, p-arysidne) and phenols (p-naphthol, vanillin,
salicylicacid ) by any one method:

a. Using conventional method.

n\ b. Using green approach

. -\P " 
' ii) Benzolyation of one of the following amines (aniline, o-, ffi-,p- toluidines

.ir"" 
' 

and o-,m-,p-anisidine) and one of the following phenols (B-naphthol,
6- resorcinol, p- cresol) by Schotten-Baumann reaction.

iii) Oyidation of ethanol/ isoprgy'a4ol (Iodoform reaction).
0" tc 18
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iv) Nitration of any one of the following:
a. Acetanilide/nihobenzene by conventional method

b. Salicylic acid by green approach (using ceric ammonium nitrate).
v) Selective reduction of meta dinitrobenzene to m-nitroaniline.
vi) Reduction ofp-nitrobenzaldehyde by sodium borohydride.

Reference Books
o Mann, F.G. & Saunders, B.C. Practical Organic Chemistry, Pearson

Education(2009)
o Furniss, B.S.; Hannaford, A.J.; Smith, P.W.G.; Tatchell, A.R. Practical

Organic Chemistry,5'h Ed., Pearson (2012)
o Ahluwalia, V.K. & Aggarwal,R. Comprehensive Practical Organic

Chemistry: Preparation and Quantitative Analysis, University Press (2000).
o Ahluwalia, V.K. & Dhingra S. Comprehensive Practical Organic Chemistry:

Qualitative Analysis, University Press (2000).

* CHEMISTRY- C VII: PHYSICAL CHEMISTRY-III
(Credits: Theory-04, Practicals-02)

Theory: 60 Lectures

Phase Equilibria:
Concept of phases, components and degrees of freedom, derivation of Gibbs Phase

Rule for nonreactive and reactive systems; Clausius-Clapeyron equation and its
applications to solid- liquid, liquid-vapour and solid-vapour equilibria, phase

diagram for one component systems, with applications. Phase diagrams for systems

of solid-liquid equilibria involving egteptic, congruent and incongruent melting
points, solid solutions. Three component systems, water-chloroform-acetic acid
system, fuiangular plots. Binary solutions: Gibbs-Duhem-Margules equation, its
derivation and applications to fractional distillation of binary miscible liquids (ideal

and nonideal), azeotropes, lever rule, partial miscibility of liquids, CST, miscible
pairs, steam distillation. Nernst distribution law: its derivation and applications.

(28 Lectures)
Chemical Kinetics

Order and molecularity of a reaction, rate laws in terms of the advancement of a
reaction, differential and integrated fqrr4 of rate expressions up to second order
reactions, experimental methods of the determination of rate laws, kinetics of
complex reactions (integrated rate expressions up to first order only): (i) Opposing
reactions (ii) parallel reactions and (iii) consecutive reactions and their differential
rate equations (steady-state approximation in reaction mechanisms) (iv) chain
reactions. Temperature dependence of reaction rates; Arrhenius equation;
activation energy. Collision theory of reaction rates, Lindemann mechanism,
qualitative treatment of the theory of absolute reaction rates.

(18 Lectures)
Catalysis:

Types of catalyst, specificity and selestivity, mechanisms of catalyzedreacttons at
solid surfaces; effect of particle size ryr{ efficiency of nanoparticles as catalysts.
Enryme catalysis, Michaelis-Menten rneghanism, acid-base catalysis.

(8 Lectures)

19
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Physical adsorption, chemisorption, adsorption isotherms , nature of adsorbed state.

(6 Lectures)

Reference Books:

o Peter Atkins & Julio De Paula" Physical Chemistry /h Ed., Oxford
University Press(20 I 0).

o Castellffi, G. W. Physical Chemistry,4e Ed., Narosa (2004).

o McQuarrie, D. A. & Simon, J. D., Molecular Thermodynarnics,Viva Books

Pvt. Ltd.:New Delhi Q004).
. Engel, T. & Reid, P. Plrysicat Chemistr! 3'd Ed., Prentice-HallQ0l2).
o Assael, M. J.; Goodwin, A. R. H.; Stamatoudis, M.; Wakeham, W. A. & Will, S.

Commonly Asked Questions in Thermodynamics. CRC Press: NY (201l).
r Zundhal , S.S. Chemistry concepts and applications Cengage India (201l).
o Ball, D.W. Physical Chemistry Cengage lndia Q0l2).
o Mortimer, R. G. Physical Chemistry 3'd Ed., Elsevier: NOIDA, UP (2009).

r Levine, I. N. Physical Chemistry dh Ed., Tata McGraw-Hill (201l).
o MetZ, C.k Plrysical Chemistry 2nd Ed, Tata McGraw-Hill (2009).

.I. CHEMISTRY PRACTICAL - C VII LAB
60 tectures

A. Determination of critical solution femperature and composition of the
phenol-water system and to study the effect of impurities on it.

B. Phase equilibria: Construction of the phase diagram using cooling curves or
ignition tube method:

D simple eutectic and
ii) congruently melting sysfems.

C. Study the kinetics of the following rpactions.
i) Initial rate method: Iodide- persplphate reaction
ii) lntegrated rate method:

a. Acid hydrolysis of methyl apetate with hydrochloric acid.
b. Saponification of ethyl acet4te.

iii) Compare the strengths of HCl Erd HzSO+ by studying kinetics of hydrolysis
of methylacetate.

Reference Books:
o Khosla, B.D.; G*g, V. C. & Gpl4ti, A. Senior Practical Pltysical

Chemistry, R.Chand & Co.: NewDelhi (2011).

o Garland, C. W.; Nibler, J. W. & Sfroemaker, D.P. Experiments in Physical
C he m i s try th E d. ; McCtr aw -ttill : New York (2 0 03 ).

o Halpern, A.M.& McBane, G. C. fscperimental Physical Chemistry 3'd
Ed.;W.H.Freeman & Co.: New Yprk (2003).

w
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I Semester IV
I

I

I

| * CHEMISTRY-C VIII: INORGAI\ilC CHEMISTRY-II
I| (Credits: Theory-04, Practicals-O2)
I

I Theory: 60 Lectures
I

I Coordination Chemistry:
I

I

I Werner's theory, valence bond theory (irurer and outer orbital complexes),

I electroneutrality principle and back bonding. Crystal field theory, measurement of
| 10 Dq (Ao), CFSE in weak and strong fields, pairing energies, factors affecting the

I magnitude of 10 Dq (Ao, At). Octahedral vs. tetrahedral coordinationo tetragonal

I distortions from octahedral geometry Jalrn-Teller theorem, square planar geomety.

I aualitative aspect of Ligand field and MO Theory. ruPAC nomenclature of
I coordination compounds, isomerism in coordination compounds. Stereochemisfiy

I of complexes with 4 and 6 coordination numbers. Chelate effect,polynuclear

I complexes, Labile and inert complexes.
I

I Q6 Lectures)
I

I fransition Elements:
I

I General group trends with special reference to electronic configuration, colour,

I variable valency, magnetic and catalytic properties, ability to form complexes.

I Stability of various oxidation states and e.m.f. (Latimer & Bsworth diagrams).

I Difference between the first, second and third transition series.Chemisty of Ti, V,
I Cr Mn, Fe and Co in various oxidation st4tes (excluding their metallutgy)

I Lanthanoids and Actinoids: 
(18 Lectures)

I Uectronic configuration, oxidation states, colour, spectral and magnetic

I properties,lanthanide contraction, separation of lanthanides (ion-exchange method
I only).

Bioinorganic chemistry: 
(6 Lectures)

Metal ions present in biological systeps, classification of elements according to
their actionin biological system. Geoclremical effect on the distribution of metals.
Sodium / K-pump, carbonic anhydrase and carboxypeptidase. Excess and
deficiency of some trace metals. Toricity of metal ions 1itg, Pb, Cd and As),
reasons for toxicity, Use of chelating age4ts in medicine.
hon and its application in bio-systems, Haemoglobin; Storage and ftansfer of iron.

I .nVd (10 Lectures)

?gY Reference Books:
o Purcell, K.F & Kotz, J.c. Inorganic chemistry w.B. Saunderc co,1977.
o Huheey, J.E., Inorganic Chemigt{y, prentice Hall, 1993.

0A, g/ o Lippard, S.J. & Berg, J.M. Principles of Bioinorganic Chemistry Panima\yt V/ Publishing Company 1994.

C\ Sy o Cotton, F.A. & Wilkinson, G, Advanced Inorganic Chemis@. Wiley-VCH,lggg
Y/ o Basolo, F, and Pearson, R.C., Mechanisms of Inorganic Chemistry,

n ,\.,i-. ./HH"Y"TI ti.ri: J"t*3fl; A., chemistry or the Erements,
Vt \V Butterworth-Heinemann,l997.
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{. CIIEMISTRY-C VIII LAB
60 Lectures

A. Gravimetric Analysis:
i. Estimation of nickel (II) using Dimethylglyoxime (DMG).
ii. Estimation of copper as CuSCN

B. Inorganic Preparations:
i. Tetraamminecopper(II)sulphate, [Cu(NH3)+]SO+.HzO
ii. Crs and transKlCr(CzO+)2. @rohl Potassium dioxalatodiaquachromate (III)

C. Chromatography of metal ions
Principles involved in chromatographic separations. Paper chromatographic
separation of following metal ions:
i. Ni 0D and Co (II) ii. Fe (III) and Al (I[)

Reference Book:
r 1. Vogel, A.I. A text book of Quarrtitative Analysis, ELBS 1986.

.:. CHEMISTRY-C IX: ORGAIIIC CHEMISTRY-III
(Credits: Theory-O4, Practicals-O2)

Theory: 60 Lectures

Nitrogen Containing Functional Groups
Preparation and important reactions of nrtfo and compounds, nitiles and isonitiles
Amines: Effect of substituent and solvent on basicity; Preparation and properties:
Gabriel phthalimide synthesis, Cqrbylamine reaction, Mannich reaction,
Hoffrnann's exhaustive methylation, Hofrnann-elimination reaction; Distinction
between lo,2o and 3o amines with Hinsberg reagent and nitrous acid.
Diazonium Salts: Preparation and their synthetic applications.

(18 Lectures)
Polynuclear Hydrocarbons

Reactions of naphthalene phenanthreng and anthracene Structure, Preparation and
structure elucidation and important {erivatives of naphthalene and anthracene;
Polynuclear hydrocarbons.

(8 Lectures)
Heterocyclic Compounds

Classification and nomenclature, Strgctpre, aromaticrty in S-membered and 6-
membered rings containing one heterg 4tom; Synthesis, reactions and mechanism
of substitution reactions of: Furan, Pyrrole (Paal-Knon synthesis, Knorr pynole
synthesis, Hantzsch synthesis), Thiophene, Pyridine (Hantzsch synthesis),
Pyrimidine, Structure elucidation of hdole, Fischer indole synthesis and
Madelung synthesis), Structure elucidation of quinoline and isoquinoline, Skraup
synthesis, Friedlander's synthesis, Knorr quinoline synthesis, Doebner- Miller
synthesis, Bischler-Napieralski reacdon, Pictet-Spengler reaction, Pomeranz-
Fritsch reaction
Derivatives of furan: Furfural and furoip acid.

QZ Lectures)

22

-v
\Y

ArVv
Alkaloids



Natural occ11rrence, General structural features, Isolation and their physiological action

Hoffinann's exhaustive methylation, Emde's modification, Structure elucidation

and synthesis of Hygrine andNicotine. Medicinal importance ofNicotine, Hygrine,

Quinine, Morphine, Cocaine, and Reserpine.

(6 Lectures)
Terpenes

Occurrence, classification, isoprene rule; Elucidation of stucture and synthesis

of Citral,Neral and o-terpineol.
(6 Lectures)

Reference Books:
o Morrison, R. T. & Boyd, R. N. Organic Chemistry, Dorling

Kindersley (India)Pvt. Ltd. (Pearson Education).
o Finar, l. L. Organic Chenistry (Volume /), Dorling Kindersley

(India) P\4. Ltd.(Pearson Education).
e Finar, I. L. Organic Chemistry (Volume 2: Stereochemistry and the

Chemistry of Natural Products),Dorling Kindersley (India) P\rt. Ltd.
(Pearson Education).

o Acheson, R.M. Introduction to the Chemistry of Heterocyclic
compounds, JohnWelly & $o4s (1976).

o Graham Solomons, T.W. Organic Chemistry, JohnWiley & Sons,Inc.
o Kalsi, P.S.Textbookof Organic Chemistry 1" Ed.,NewAge

International (P)Ltd. Pub.
. Clayden, J.; Greeves, N.; lV4rren, S.; Wothers, P.; Organic

Chemistry, Oxford Univerqif Press.

o Singh, J.; Ali, S.M. & Singh, J. Natural Product Chemistry, Pragati
Parakashan(2010).

* CHEMISTRY PRACTICAL-C IX LAB
60 Lecfures

1. Detection ofextra elements.
2. Functional group test for nito, amine and amide groups.

3. Quatitative analysis of unknowp qrganic compounds containing simple
functional groups (alcohols, carbqxylic acids, phenols and carbonyl
compounds)

Reference Books
o Mann, F.G. & Saunders, B.C. Practical Organic Chemistry, Pearson

Education(2009)
o Fumiss, B.S.; Hannaford, A.J.; Smith, P.W.G.; Tatchell, A.R. Practical

Organic Chemistry, 5'h Ed, Pe4rspn (2012)
o Ahluwalia, V.K. & Aggarwal,$.. Cotnprehensive Practical Organic

Chemistry: Preparation and Qtun(itative Analysis, University Press (2000).

o Ahluwalia, V.K. & Dhingra" S.Cqmprehensive Practical Organic

, ^dA 
Chemistry: Qualitative Analysis, University Press (2000).

),&Y
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.1. CHEMISTRY-C X: PIIYSICAL CHEMISTRY-IV
(Credits: Theory-04, Practicals-02)

Theory: 60 Lectures

Conductance
Arrhenius theory of electrolytic dissociation. Conductivity, equivalent and molar
conductivity and their variation with dilution for weak and strong electrolytes.
Molar conductivity at infinite dilution. Kohlrausch law of independent migration
of ions. Debye-Htckel-Onsager equation, Wien effect, Debye-Falkenhagen effect,
Walden's rules. Ionic velocities, mobilities and their determinations, transference
numbers and their relationto ionic mobilities, determination of transference
numbers using Hittorf and Moving Boundary methods. Applications of
conductance measurement (i) degree of dissociation of weak electrolytes, (ii) ionic
product of water (iii) solubility and solubility product of sparingly soluble salts,
(iv) conductometric titrations, and (v) hydrolysis constants of salts.

(20 Lectures)

Electrochemistry

Quantitative aspects of Faraday's laws of electrolysis, rules of oxidation/reduction
of ions based on half-cell potentials, applications of electolysis in metallurgy and

industry. Chemical cells, reversible and irreversible cells with examples.
Electromotive force of a cell and its measurement, Nernst equation; Standard

electrode (reduction) potential and its application to different kinds of half-cells.
Application of EMF measurements in determining free energy, enthalpy and

entropy of a cell reaction, (ii) equilibrium constants, and (iii) pH values, using
hydrogen, quinone-hydroquinone, glass and SbO/SbzOg electrodes.

Concentration cells with and without transference, liquid junction potential;
determination of activity coefficients and transference numbers. Qualitative
discussion of potentiometric titrations (acid-base, redox, precipitation).

Erectrical & Magnetic properties of Atoms and Molecules 
@8 Lectures)

Basic ideas of electrostatics, Electrostatics of dielectric media" Clausius-Mosotti
equation , Loreru-Lawentz equafion, Dipole moment and molecular
polarizabilities and their measurement5. piamagnetism, paramagnetism, magnetic
susceptibility and its measurement, mofecular interpretation.

Reference Books: 
(12 Lectures)

o Atkins, P.W & Paula, J.D. Physicql Chemistry, 9tr Ed., Oxford
University Press(2O I I ).

o Castellil, G. W. Physical Chemistry 4'h Ed., Narosa Q004).
o Mortimer, R. G. Physical Chemistry 3'd Ed, Elsevier: NOIDA, UP (2009).
o Barrow, G.M., Physical Chenistry 5'h Ed., Tata McGraw Hill: New Delhi (2006).
. Engel, T. & Reid, P. Physical Chernistry 3'd Ed., Prentice-Hall (2012).
o Rogers, D.W. Concise Physical Chemistry Wiley (2010).
o Silbey, R. J.; Alberty, R. A. & Bawendi, M. G. Physical Chemistry

4'o Ed., JohnWiley & Sons,Inc. (2005).
a ,/,/\\V./
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{. CIIEMISTRY PRACTICAL-C X LAB
60 Lectures

A. Conductometry

i) Determination of cell constant
ii) Determination of equivalent conductance, degree of dissociation and

dissociation constant of a weak acid.
iii) Perform the following conductometric titrations:

a. Strong acid vs. strong base
b. Weak acid vs. strong base
c. Mixture of strong acid and weak acid vs. strong base

d. Strong acid vs. weak base
B. Potentiometry

Perform the following potentiometric tiffations:
i. Strong acid vs. strong base

ii. Weak acid vs. strong base
iii. Dibasic acid vs. strong base
iv. Potassium dichromate vs. Mohr's salt

Reference Books:
o Khosla, B.D.; G*go V. C. & Gulati, A. Senior Practical Plrysical

Chemistry, R.Chand & Co.: New Delhi (201l).
o Garland, C.W.; Nibler, J. W. & Shoemaker, D. P. Experiments in Plrysical

ChemistrySh Ed.; McCtaw-Hill: New York (2003).
o Halpern, A. M. & McBane, G. C. Experimental Physical Chemistry 3'd

Ed.; W.H.Freeman & Co.: New York (2003).

\A'l^ o-./s ryYWv
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Semester V

.i. CHEMISTRY-C XI: ORGAIIIIC CHEMISTRY-IV
(Credits: Theory-O4, Practicals-O2)

Theory: 60 Lectures

Nucleic Acids

Components of nucleic acids, Nucleosides and nucleotides;
Structure, synthesis and reactions of, Adenine, Guanine, Cytosine, Uracil and
Thymine; Structure of polynucleotides.

(9 Lectures)
Amino Acids, Peptides and Proteins
Amino acids, Peptides and their classification. o-Amino Acids - Synthesis, ionic properties
and reactions. Zwitterions, pKu values,isoelectric point and electrophoresis;Study ofpeptides:
determination of their primary structures-end group analysis, methods of peptide iyntfrlsis.
Synthesis of peptides using N-protecting, C-protecting and C-activating groups -Solid-phase
synthesis

(16 Lectures)
Enzymes

Introduction, classification and characteristics of enzymes. Salient features of
lctive site of enzymes.Mechanism of gn7yme action (taking trypsin as example),
factors affecting enzyme action, cognzymes and cofactors and their roli in
biological reactions, specificity of enzyme action (including stereospecificity),
enrym,e inhibitors and their importance, phenomenon of inhibition .

(8 Lectures)
Lipids

Introduction to oils and fats; common fatty acids present in oils and fats,
Hydrogenation of fats and oils, Saponificgtion value, acid value, iodine number.
Reversion and ranciditv.

Concept of EnergF in Biosystems
(8 Lectures)

cells_ obtain energy by the oxidatio4 of foodstuff (organic molecules).
Introduction to metabolism (catabolism, anabolism). ATp: The universal
curency of cellular energy, ATP hydrolysis and free energy change.Agents
for transfer of electrons in biological redox systems: NAD*, FAD.conversion of
food to energy: outline of catabolic pathways of carbohydrate- glycolysis,
fermentation, Krebs cycle. overview of catabolic pathways of at ana prbtein.
Interrelationship in the metabolic pathways of protein, fat and carbohydrate.
Caloric value of food, standard caloric Aontent of food types.

Pharmaceutical Compounds: Structqro and Importance
(7 Lectures)

Classification, structure and therapeuJic uses of antipyretics: Paracetamol (with
synthesis), Analgesics: Ibuprofen (with synthesis), Antimalarials: chloroquine
(with synthesis). An elementary treatment of Antibiotics and detailed study of
chloramphenicol, Medicinal values of curcumin (haldi), azadfuachtin (nelm),
vitamin C and antacid (ranitidine).

(12 Lectures)6I,..-,
26



Reference Books:
o Berg, J.M., Tymoczko, J.L. and stryer, L. (2006) Biochemistry. vltlt

Edition. W.H.Freeman and Co.
o Nelson, D.L., Cox, M.M. and Lehninger, A.L. (2009) Principles of

Biochemistry. IVEdition. W.H. Freeman and Co.

o Murray, R.K., Granner, D.K., Mayes, P.A. and Rodwell, V.W. (2009)

Harper' slllustated Biochemistry. )ONIII edition. Lange Medical Books/
McGraw-Hill.

CHEMISTRY PRACTICAL.C XI LAB
60 Lectures

1. Estimation of glycine by Sorenson's formalin method.
2. Study of the titration curve of glycine.
3. Estimation of proteins by Lowry's method.
4. Saponification value of an oil or a fat.
5. Determination of Iodine number of an oil/ fat.
6. Isolation and characteizationof DNA from onion/ cauliflower/peas.

Reference Books:
o Manual of Biochemistry Workshop,2012, Department of Chemistry,

Universityof Delhi.
r Arthur, I.Y. Quantitative Organic Analysis, Pearson.

* CHEMISTRY-C XII: PITYSICAL CHEMISTRY V
(Credits: Theory-04, Practicals-02)

Theorv: 60 Lectures
Quantum Chemistry

Postulates of quantum mechanics, quantum mechanical operators, Schrtidinger
equation and its application to free particle and "particle-in-a-box" (rigorous
treatment), quantization of energy lpvpls, zero-point energy and Heisenberg
Uncertainty principle; wavefunctions, probability distibution functions, nodal
properties, Setting up of Schr6dinger eguation and discussion of solution and
wavefunctions. Vibrational energy of diatomic molecules and zero-point
energy.Angular momentum: Commuhtion rules, quantization of square of total
angular momentum and z-component. Rigid rotator model of rotation of diatomic
molecule. Schrddinger equation, traqsformation to spherical polar coordinates.
Separation of variables. Spherical harmonics. Discussion ofsolution. Qualitative
treatment of hydrogen atom and hydlogonlike ions: setting up of Schriidinger
equation in spherical polar coordinates, radial part, quantization of energy (only
final energy expression). Average and rnost probable distances of electron from
nucleus. Setting up of Schrddinger equation for many-electron atoms

t, (He, Li), Need for approximation rye1hods. Statement of variation theorem and

.\.ff application to simple systems (partiole'in-a-box). Chemical bonding: Covalent

\d\?' bonding, valence bond and molecular prbital approaches, LCAO-MO treatnent of
tr H2'. Bonding and antibonding orbitah Qualitative extension to Hz. Comparison

^n 
qILCAO-MO and VB treatrnents of H2 (only wavefunctions, detailed solution not

,Yrr6;;;t aoJrhrt. ir-rlir""r.'p.nr,.rp.pts of the two approaches (configuration
" Interactign for MO, igqic tey'ns in VB). Qualitative description of LCAO-MO 27
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teafinpnt of homonuclear and heteronuclear diatomic molecules (LIF, LiH).

Localised and non-localised molecular orbitals treatment of triatomic (BeH2, H2O)

molecules. Qualitative MO theory and its application to AH2 type molecules.
(24 Lectures)

Molecular Spectroscopy:

lnteraction of elechomagnetic radiation with molecules and various types of
spectra; Bom- Oppenheimer approximation.
Rotation spectroscory; Selection rules, intensities of spechal lines, determination

of bond lengths of diatomic and linear triatomic molecules, isotopic substitution.

Vibrational spectroscoqry: Classical equation of vibration, computation of force

constant, amplitude of diatomic molecular vibrations, anharmonicity, Morse

potential, dissociation energies, fundamental frequencies, overtones, hot bands,

d.gre.r of freedom for polyatomic molecules, modes of vibration, concept of
group frequencies.
Vibration-rotation spectroscopy; diatomic vibrating rotator, P, Q, R branches.

Raman spectroscopy: Qualitative treatrnent of Rotational Raman effect; Effect

of nuclear spin, Vibrational Raman spectra, Stokes and anti-Stokes lines; their

intensity difference, rule of mutual exclusion.
Electronic spectroscopy; Franck-Con{o4 principle, electronic transitions, singlet

and triplet states, fluorescence end phosphorescence, dissociation and

predissociationo calculation of elechonfc Fansitions of polyenes using free elecffon

model.
Nuclear Magnetic Resonance (NMry spectroscopy; Principles of NMR
spectroscopy, Larmor precession, chpmical shift and low resolution spectra,

different scales, spin-spin coupling and high resolution spectr4 interpretation of
PMR spectra of organic molecules.
Electron Spin Resonance (ESR) spectroscopy; Its principle, hyperfine

structure, ESR of simpleradicals.

(24 Lectures)
Photochemistry

Characteristics of electromagnetic ra{iation, Lambert-Beer's law and its
limitations, physical significance of absorption coefficients. Laws, of
photochemistry, quantum yield, actinopetryoexamples of low and high quantum

yields, photochemical equilibrium arrd the differential rate of photochemical

reactions, photosensitised reactions, que4ching. Role of photochemical reactions

in biochemical processes, photostationqry states, chemiluminescence.
(12 Lectures)

Reference Books:
o Banwell, C. N. & McCash, E. M. Fundamentals of Molecular

Spectroscopy +fr Ed. TataMcGraw-Hill: New Delhi (2006).
e Chandra, A. K. Introductory Quantum Chemistry Tata McGraw-Hil[ (2001).

o House, J. E. Fundamentals of Quantum Chemistry 2"d Ed.Elsevier: USA (2004).

o Lowe, J. P. & Peterson, K. Quenfum Chemistry, Academic Press (2005).

o Kalkar, R. Atomic & Moleculal Specfioscopy, Cambridge University Press (2015).
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.I. CHEMISTRY PRACTICAL.C XII LAB
60 Lectures

A. tlV/Visible spectroscopy

i) Study the 200-500 nm absorbance spectra of KMnOt andKzCrzOz (in 0.1

M HzSO+) and determine the l,-* values. Calculate the energies of the two
transitions in different units (J molecule-I, kJ mol-I, crn-I, eV).

ii) Study the pH-dependence of the UV-Vis spectrum (200-500 nm) of KzCrzOz.

iii) Record the 200-350 nm UV spectra of the given compounds (acetone,

acetaldehyde,2-propanol, acetic acid) in water. Comment on the effect of
structure on the UV spectra of organic compounds.

B. Colourimetry

i) Verifr Lambert-Beer's law and determine the
concentration of CuSO+lKMnOq/KzCrzOt in a solution of unknown
concentation

ii) Determine the concenftations of KMnOa and KzCrzOt in a mixture.
iiD Study the kinetics of iodination of propanone in acidic medium.
iv) Determine the amount of iron present in a sample using 1,10-phenathroline.

Reference Books
. Khosla" B. D.; G*g, V. C. & Gulati, A., Senior Practical Physical

Chernistry, R.Chand & Co.: New Delhi (201l).
o Garland, C.W.; Nibler, J. W. & Shoemaker, D.P. Experiments in

P hysicalChemistry th nd ; MaGraw-Hill : New VorklZOOf ;.
o Halpern, A. M. & McBane, G. C. Experimental Physical Chemistry 3'd

Ed.; W.H.Freeman & Co.: New York (2003).
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Semester VI

CHEMISTRY-C XIII: INORGAIYIC CHEMISTRY-IV
(Credits: Theory-04, Practicals-02)

Theory: 60 Lectures
Theoretical Principles in Qualitative Analysis (H2S Scheme)
Basic principles involved in analysis of cations and anions and solubility products,
common ion effect. Principles involved in separation of cations into groups and
choice of group reagents. Interfering anions (fluoride, borate, oxalate and
phosphate) and need to remove them after Group II' 

(10 Lectures)

Organometallic Compounds

Definition and classification of organometallic compounds on the basis of bond
type. Concept of hapticity of organic ligands.
Metal carbonyls: 18 electron rule, electron count of mononuclear, polynuclear and
substitutedmetal carbonyls of 3d series. General methods of preparation (direct
combination, reductive carbonylation, thermal and photochemical decomposition)
of mono and binuclear carbonyls of 3d series. Structures of mononuclear and
binuclear carbonyls of Cr, Mn, Fe, Co and Ni using VBT. zr-acceptor behaviour
of CO (MO diagram of CO to be discussed), synergic effect and use of IR data
to explain extent of back bonding. Zeise's salt: Preparation and structure, evidences
of synergic effect and comparison of synergic effect with that in carbonyls.
Metal Allcyls.' Important structural features of methyl lithium (tetramer) and trialkyl
aluminium (dimer), concept of multicentre bonding in these compounds. Role of
tiethylaluminium in polymerisation of ethene (Ziegler - Natta Catalyst). Species
present in ether solution of Grign4rd reagent and their structures, Schlenk
equilibrium. Ferrocene: Preparation and reactions (acetylation, alkylation"

.,\ metallation, Mannich Condensation). Sfucture and aromaticity. Comparison of' aromaticity and reactivity with that of penzene.

ru
?w v/
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(22 Lecturtes)
Reaction Kinetics and Mechanism
Introduction to inorganic reaction mechanisms. Substitution reactions in square planar
complexes, Trans- effect, theories of trans effect, Mechanism of nucleophilic substitution
in square planar complexes, Thermodynamic and Kinetic stability, Kinetics of octahedral
substitution, Ligand field effects and reaction rates, Mechanism of substitution in
octahedral complexes.

(18 Lectures)

Catalysis by Organometallic Compounds

Study of the following industrial processes and their mechanism:
l. Alkene hydrogenation (Wilkinsons Catalyst)
2. Hydroformylation (Co salts)
3. Wacker Process
4. Synthetic gasoline (Fischer Tropsch reaction)
5. Synthesis gas by metal carbonyl complexes

(10 Lectures)

Reference Books & Recommended Texts:

o Vogel, A.I. Qualitative Inorganic Analygis,Longman, 1972
o Svehla" G. Vogel's Qualitative Inorgapic Analysis, Tth Edition, Prentice

Hall,l996-03-07.
o Cotton, F.A. G.; Wilkinson & Gaus, P.L. Basic Inorganic Chemistry 3'd Ed.;

Wiley India
o HuheeY, J. E.; Keiter, EA. & Keiter, R.L. Inorganic Chemistry, Principles of

structure and Reactivily 4'h Ed., Harper collins tgg3, pearson,2006.
. Sharpe, A.G. Inorganic Chemistry,+tr hdian Reprint (Pearson Education) 2005o Douglas, B. E.; McDaniel, D.H. & Ale4aqde4 J.J. concepts and Models in

Inorganic Chemistry3'o Ed., John Wiley'aqd Sons, Ny, 1i94.
o Greenwood, N.N. & Earnshaq A. Clrymistry of the Elements, Elsevier 2d Ed,

1997 (ziegler Natta catalyst and Equilibriq in Grignard solution).
. Lee, J.D. concise Inorganic chemistry t'o Fd., John wiley and sons 200g.
o Powell,P. Principles of Organometallic Chemistry,Chapman and Hall, 1988.o Shriver, D.D. & P. Atkins, Inorganic Chemistry 2"d Ed., Oxford University press,

1994.
. Basolo, F. & Person, R. Mechanisms of Inorganic Reactions: Study of Metat

Cornplexes in Solution 2d Ed., John Wiley & Sons Inc; Ny.
o Purcell, K.F. &Kotz,J.c.,Inorganic cheaistry, w.B. Saunders co.1977o Miessler, G. L. & Donald, A. Tarr, Inorga4ic chemistry 4'h Ed., pearson, 2010.o Collman, James P. et al. Principles and lpplications of Organotransition Metal

Chenistry. Mill Valley, CA: University gcience Books, 1997.
o Crabtree, Robert H. The Organometallio Chemistry of the Transition Metals. j

New York, NY: John Wiley, 2000.

^: Spessard Gary O., &Gary L. Miessler. Organometallic Chemistry. Upper Saddle

)f"' River, NJ: Prentice-Hall, 1996.
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{. CHEMISTRY PRACTICAL.C XIII LAB
60 Lectures

A. Qualitative semimicro analysis of mixtures containing following (3 anions
and 3 cations) including the chemistry of reactions:

cos2.-,Npz-, $.'-, sqlt-,sr9.l-,9Flc9o-, F,cl-, Br,I-,-Nol-,,Poj';pzoo1'rP^od;,
NI{o*: K*.i'b'*,'cr}+.'c&i, f}i3*,-sn2*, 

'sbJ*, 
F"'*,-Ai3*', cf*, zrf*, Mn2*, co2*,

Ni'+,'gut1 s?*,' c**,tutg*
Mixtures should preferably contain one interfering anion, or insoluble component
(BaSO+, SrSO+, PbSO+, iuF, ot AlzOg) or combination of anions e.g. CO:2-and

SOt2-, NOz- andNOs-, Cf and Br -, Cl- and I-, Br -and I-, NO3- and Br -, NOr- and I-.

B. Measurement of l0 Dq by spectrophotometric method
C. Contolled synthesis of two copper oxalate hydrate complexes: kinetic vs

thermodynamic factors.
D. Preparation of acetylacetanato complexes of Cu2*/Fe3*. Find ttre )u-* of the complex.
E. Synthesis of ammine complexes of Ni(II) and its ligand exchange reactions

(e.g. bidentate ligands like acetylacetone, DMG, glycine) by substitution
method.

Reference Books
a. Vogel's Qualitative Inorganic Analysis, Revised by G. Svehla.

b. Marr & Rockett Inorganic Preparations.

{. CHEMISTRY-C XIV: ORGAM CHEMISTRY-V
(Credits: Theory-04, Practicals-O2)

Theory: 60 Lectures
Organic Spectroscopy
General principles Introduction to absorption and emission spectroscopy.
UV Spectroscopy: Types of electonic tansitions, },^*, Chromophores and

Auxochromes, Bathochromic and Hypsochromic shifts, Intensity of absorption;
Application of Woodward Rules for cafculation of Lmax for the following systems:

o,p unsaturated aldehydes, ketones, cgrboxylic acids and esters; Conjugated
dienes: alicyclic, homoannular and hgtepoannular; Extended conjugated systems
(aldehydes, ketones and dienes); distinqtiqn between cis and trans isomers.

IR Spectroscopy: Fundamental and pop-fundamental molecular vibrations; IR
absorption positions of O, N and S gontaining functional groups; Effect of H-
bonding, conjugation, resonance and ring size on IR absorptions; Fingerprint
region and its significance; applicationin functional gtoup analysis.

NMR Spectroscopy: Basic principles of Pfoton Magnetic Resonance, chemical shift
and factors influencing iU Spin- Spin ooupling and coupling constant; Anisotropic
effects in alkene, alkyne, aldehydes aqd promatics, Interpetation of NMR spectra

of simple compounds.
Applications of IR, UV and NMR for ideptifrcation of simple organic molecules.

(24 Lectures)
Carbohydrates
Occurrence, classification and their biof ogical importance.
Monosaccharides: Constitution and absolpF configuration of glucose and fructose, epimers
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and anomers, mutarotation, determination of ring size of glucose and fructose, Haworth

projections and conformational structures; Interconversions of aldoses and ketoses; Killiani-
Fischer synthesis and Ruff degradation;
Disaccharides - Structure elucidation of maltoseo lactose and sucrose.

Polysaccharides -Elementary treatment of starch, cellulose and glycogen.
(16 Lectures)

Dyes
Classification, Colour and constitution; Mordant and Vat Dyes; Chemistry of
dyeing; Synthesis and applications of, Azo dyes - Methyl Orange and Congo Red

(mechanism of Diazo Coupling); Triphenyl Methane Dyes -Malachite Green,

Rosaniline and Crystal Violet; Phthalein Dyes - Phenolphthalein and Fluorescein;

Natural dyes -structure elucidation and synthesis of Alizarin and Indigotin; Edible
DYes with examPles' 

(g Lectures)
Polymers

Introduction and classification including di-block, tri-block and amphiphilic
polymers; Number average molecular weight, Weight average molecular weight,
Degree of polymerizatton, Polydispersity lndex.
Polymerisation reactions -Addition and condensation -Mechanism of cationic,
anionic and free radical addition polymerization; Metallocene-based Ziegler-Natta
polymerisation of alkenes; Preparation a4d applications of plastics - thermosetting
(phenol-formaldehyde, Polyurethanes) and thermosoftening @VC, polythene);
Fabrics - natural and synthetic (acrylic, polyamido, polyester); Rubbers - natural
and synthetic: Buna-S, Chloroprene and Neoprene; Vulcanization; Polymer
additives; Introduction to liquid crystal polymers; Biodegradable and conducting
polymers with examples.

(12 Lectures)

Reference Books:
Kalsi, P. S. Textbook of Organic Chemistry I't Ed., New Age
International (P)Ltd. Pub.
Morrison, R. T. & Foyd, R. N. Organic Chemistry, Dorling
Kindersley (India)Pyt. Ltd. (Pearson Education).

iii. Billmeyer, F. W. Tertbookof Polymer Science, John Wiley & Sons,Inc.
iv. Gowariker, V. R.; Viswanathffi, N. V. & Sreedharo J. Polymer

Science,New Agelnternational (P) Ltd. Pub.

,V\

V.

vi.
vii.

viii.

ix.

Finar, l. L. Organic Chemistry (Volume 2: Stereochemistry and
the Chemistry oJNatyrol Products),Dorling Kindersley (ndia)
Pvt. Ltd. (Pearson Eduoation).

Gralram Solomons,l.W. Organic Chemistry, JobnWiley & Sons,Inc.
Clayden, J.; Greeves, N.; Warren, S.; Wothers, P.; Organic
Chemistry, OxfordUniversity Press.

Singh, J.; Ali, S.M. & Singh, J. Natural Product Chemistry,
Praj ati Prakashan(20l 0).
Kemp, W. Organic Spactroscopy, Palgrave
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